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METHOD FOR DETERMINING THE 
THERMAL PERFORMANCE OF A HEAT 

SINK 

FIELD OF THE INVENTION 

The present invention generally relates to a method for 
testing a Semiconductor device, and more particularly, 
relates to a method for testing the thermal resistance effi 
ciency of a heat Sink attached to a Semiconductor device. 

BACKGROUND OF THE INVENTION 

In modern Semiconductor devices, the high density of the 
IC device (or the Smaller chip size) requires that circuits to 
be placed on a chip close together. In order to maintain a 
reasonable Service life of an IC device, the operating tem 
perature of the device must be carefully controlled by 
providing adequate thermal resistance for the large amount 
of heat generated by the high density chip. Another devel 
opment in modern IC devices which further requires 
improved thermal resistance is the increasing use of higher 
power consumption circuits. For instance, in a conventional 
208-pin POFP device, only 1 watt power dissipation is 
required. The power dissipation, which is closely related to 
the thermal resistance property, becomes more Severe in a 
modern CPU chip which requires 30-50 watts power dissi 
pation capability. The thermal resistance property of a 
conventional IC package must be improved in order to 
accommodate the more densely packaged and the higher 
power consumption IC devices. 
A heat Sink, normally fabricated of a high thermal con 

ductivity material is used to fulfill the need for improving 
thermal resistance in IC packages. A heat Sink is typically 
made of a material that has a high thermal conductivity, i.e., 
copper, aluminum, and their alloys. In order to efficiently 
dissipate heat, the heat Sink should be in good thermal 
contact with a Semiconductor die. 

To improve the thermal resistance efficiency of an IC 
device, an external add-on heat Sink can be fixed intimately 
to the device. This is shown in FIG. 1 for a conventional 
ceramic pin grid array package equipped with a modular 
(bolted-on) heat sink. 
As shown in FIG. 1, the modular heat sink 10 is mechani 

cally fastened to the ceramic pin grid array package 20 by 
two studs 22 and two nuts 12. The modular heat sink is of 
the fin type connected to the package 20 through a thermally 
conductive metal foil 14. An IC die 24 is attached to the 
bottom of the package 20 through thermally conductive 
adhesive coated on the IC die 24. A package lid 26 is further 
used to cover or to protect the IC die 24 when installed in the 
package 20. The package 20 is further equipped with a 
brazed-on heat slug 28 to further improve the thermal 
resistance of the package through the metal foil 14 and the 
modular heat sink 10. 

The modular heat sink 10 is frequently designed with one 
or two holes 16 to accommodate studs 22 and nuts 12 which 
are used to fasten the modular heat Sink 10 to the package 
20. To further improve the heat conductance, a thermal 
interface Such as grease, graphite or metal foil 14 is used at 
the package/slug and heat Sink interface to eliminate air gaps 
and therefore improve the thermal path. 

In order to ensure the effectiveness in thermal resistance 
for the various designs of heat SinkS, a reliable test method 
must be provided to measure Such efficiency. The test 
method must also be able to be conducted in a short time 
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2 
period in order to maintain the overall efficiency of the IC 
fabrication process. Conventionally, the thermal resistance 
efficiency of a heat Sink is determined by mounting a 
modular heat Sink on top of a heating element and then 
heated. After the temperature of the modular heat Sink 
reached a preset value and Stabilized, the temperature of the 
heating device is measured. The amount of heat generated 
by the heating device is then divided by the differential 
temperature between the heating device and the Surrounding 
environment to calculate the thermal performance (thermal 
resistance) constant of the modular heat Sink. To obtain a 
Stable, reliable, reading, the temperature must be Stabilized 
which requires a total test time for the modular heat Sink of 
about 30 minutes or longer. The lengthy test procedure 
requires Substantial manpower and cost which becomes 
prohibitive when 100% reliability test is required for future 
high efficiency IC devices. 

It is therefore an object of the present invention to provide 
a method for determining the thermal resistance constant of 
a heat Sink without the drawbacks or Shortcomings of the 
conventional methods. 

It is another object of the present invention to provide a 
method for determining the thermal resistance constant of a 
heat Sink which can be carried out in a short testing time of 
about 5 min. 

It is a further object of the present invention to provide a 
method for determining the thermal resistance constant of a 
heatsink which can be used to obtain data that are within 5% 
of data obtained by conventional methods. 

It is another further object of the present invention to 
provide a method for determining the thermal resistance 
constant of a heat Sink by mounting the heat Sink on top of 
a heat capacity tank formed of a high thermal conductivity 
metal. 

It is still another object of the present invention to provide 
a method for determining the thermal resistance constant of 
a heat Sink wherein the heat Sink may be cooled with or 
without a forced air cooling System. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method for 
determining the thermal resistance constant of a heat Sink is 
provided. 

In a preferred embodiment, a method for determining the 
thermal resistance constant of a heat Sink can be carried out 
by the operating Steps of providing a heat capacity tank 
fabricated of a metal; mounting a heat Sink on top of the heat 
capacity tank, heating the heat capacity tank and the heat 
Sink to a temperature of at least 40 C.; Stopping the heating 
Step and cooling for at least 30 Seconds, monitoring tem 
perature and cooling time of the heat capacity tank for a 
preset length of time and calculating dT/dt, calculating the 
amount of heat dissipated from the equation of Q=W.C. 
(dT/dt) wherein W and C are the weight and the heat 
capacity of the heat capacity tank, respectively; and calcu 
lating the thermal resistance constant from the equation of 
R=(T-T)/Q wherein T and T are the temperature of 
the heat capacity tank and ambient temperature, respec 
tively. 
The method for determining the thermal resistance con 

Stant of a heat Sink may further include the Step of Stopping 
the heating Step and turning on a forced-air cooling device 
for a time period of at least 1 min. prior to the monitoring 
Step. The heat capacity tank may be formed of a metal 
having a thermal conductivity of at least that of Zn, or the 
heat capacity tank may be formed of a metal Selected of the 



US 6,663.278 B1 
3 

group consisting of Cu, Al, Au and Zn. The heat capacity 
tank may be formed of a metal that has a heat capacity not 
higher than that of Zn. The preset length of time for the 
monitoring Step is at least 3 min., or between about 3 min. 
and about 10 min. The method may further include the step 
of heating the heat capacity tank and the heat Sink to a 
temperature of at least 70° C. or to a temperature of at least 
90°C. The method may further include the step of mounting 
a heater in the heat capacity tank, or mounting an electric 
heater in the heat capacity tank, or flowing an electrical 
current to the heater in the heat capacity tank. 

The present invention is further directed to a method for 
determining the thermal resistance constant of a thermal 
module which may be carried out by the Steps of providing 
a heat capacity tank fabricated of a metal; mounting a 
thermal module on top of the heat capacity tank; heating the 
heat capacity tank and the thermal module to a temperature 
of at least 40 C.; Stopping the heating step and cooling for 
at least 30 Seconds, monitoring temperature and cooling 
time of the heat capacity tank for a preset length of time and 
calculating dT/dt, calculating the amount of heat dissipated 
from the equation Q=W-C (dT/dt) wherein W and C are 
the weight and heat capacity of the heat capacity tank, 
respectively; and calculating the thermal resistance constant 
from the equation of R=(T-T)/Q wherein T and T are 
the temperature of the heat capacity tank and the ambient 
temperature, respectively. 

The method for determining the thermal resistance con 
Stant of a thermal module may further include the Step of 
Stopping the heating Step and turning on a forced-air cooling 
device for a time period of at least 1 min. prior to the 
monitoring Step. The heat capacity tank may be formed of a 
metal that has a conductivity of at least that of Zn, or formed 
of a metal Selected from the group consisting of Cu, Al, Au 
and Zn. The method may further include the step of pro 
Viding the heat capacity tank including heating plates for 
heating the heat capacity tank, at least one thermal couple 
for measuring temperature of the heat capacity tank, and a 
thermal insulating blanket Surrounding the heat capacity 
tank. The method may further include the Step of providing 
the thermal module in a fin-shaped heat Sink, or in a 
pin-shaped heat Sink. The method may further include the 
Step of mounting a thermal module on top of the heat 
capacity tank with a thermal conductive layer therein 
between. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description and the appended drawings in which: 

FIG. 1 is a perspective view of a conventional Set up of 
a ceramic pin grid array device with a modular heat Sink 
mounted on top. 

FIG. 2 is a cross-sectional view of the present invention 
test apparatuS. 

FIG. 3 is a perspective view of the various thermal 
modules tested by the present invention method. 

FIG. 4 is a table illustrating the efficiency of the present 
invention test method when compared to the conventional 
test method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention discloses a method for determining 
the thermal resistance constant of a heat Sink, or of a 
modular heat Sink that can be mounted on top of an IC 
package. 
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4 
The method can be carried out by first forming a heat 

capacity tank of a metal that has high thermal conductivity 
and high heat capacity. The modular heat Sink is then, 
mounted on top of the heat capacity tank and heated by a 
heating device built inside the heat capacity tank to a preset 
temperature, such as a temperature of 40 C., or 70° C., or 
90° C. After the temperature reaches the preset temperature, 
the heating is stopped and the heat capacity tank is left to 
cool for at least 30 Seconds. For instance, for a modular heat 
Sink that is equipped with a forced-air cooling device, i.e., a 
fan, the heat capacity tank is cooled by the fan for approxi 
mately 1 min. The temperature and the cooling time of the 
heat capacity tank is then monitored and recorded for a 
present length of time, i.e., for 3 min., or for a time period 
of less than 5 min. The temperature change as a function of 
the cooling time, i.e., dT/dt, is then calculated from the 
temperature/time curve. 
The amount of heat dissipated by the modular heat sink 

can be calculated by the equation of 

Wherein W and C are the weight and the heat capacity 
of the heat capacity tank, respectively. 
The thermal resistance constant of the modular heat Sink 

can then be calculated from the equation 

Wherein T and T, are the temperature of the heat 
capacity tank and the temperature of the ambient, respec 
tively. 
The present invention method can be conducted in a very 

Short period of time, i.e., in less than 5 min. When compared 
to the test time required by the conventional method of 
approximately 30 minutes. The present invention test 
method does not require the temperature of a heat capacity 
tank to be Stabilized by monitoring the temperature change 
with cooling time, and therefore, the test time can be greatly 
reduced. Moreover, in the conventional method, the total 
amount of heat dissipated by the modular heat Sink is fixed 
contrary to the present invention method, wherein the total 
amount of heat dissipated changes with temperature. The 
lower the temperature, the Smaller the total amount of heat 
dissipated. 
A Set-up 30 for carrying out the present invention novel 

method is shown in FIG. 2. The set-up 30 includes a thermal 
capacity tank 32, a modular heat Sink (or a thermal module) 
34, a forced air cooling device 36. The heat capacity tank 32 
is further equipped with a heating device 38 and at least one 
thermocouple 40. The thermal capacity tank 32 is further 
Surrounded by a thermal insulating blanket 42 to maintain 
the temperature of the thermal capacity tank 32. Heat 
contained in the thermal capacity tank 32 is conducted to the 
modular heat sink 34 and dissipated as heat 44 shown in 
FIG. 2. The forced air cooling device 36, i.e., an electric fan, 
facilitates the thermal resistance from the modular heat Sink 
34. 
The heat capacity tank 32 includes at least one thermo 

couple 40, a heating device 38 (an electric heater) and the 
thermal insulation blanket 42. The heater 38 can be either 
attached to the outer Surface of the heat capacity tank 32, or 
can be inserted into the interior cavity of the heat capacity 
tank 32. The thermal insulating blanket 42 used can be 
formed of any Suitable thermal insulating material for reduc 
ing thermal resistance to the Surrounding air. The heat 
capacity tank 32 can be formed of a metal that has high heat 
conductance and low heat capacity to allow the tank to 
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achieve more uniform temperature distribution during the 
thermal resistance cycle. Commonly known high thermal 
conductivity metals. Such as Cu, Al, Au, Zn, etc., can be used 
to form the present invention heat capacity tank 32. The 
shape of the heat capacity tank 32, as shown in FIG. 2, is 
formed in a cube. However, any other Suitable shape may 
also be used without Significantly affecting the efficiency of 
the present invention method. 
A typical curve fitting equation is used in a computer 

Software for calculating dT/dt from data obtained on the heat 
capacity tank 32. 

The present invention novel method has been tested on 
various modular heat sinks, shown in FIG. 3, to verify the 
efficiency of the method. For instance, thermal modules 1, 2, 
3 and 4, shown in FIG. 3, are equipped with forced air 
cooling devices, i.e., an electric fan. Thermal modules 5 and 
6, shown in FIG. 3, are formed in fins and pins without the 
fan attachment. 

Data obtained on the various thermal module arrange 
ments of FIG. 3 are shown in FIG. 4. It is seen that by 
utilizing the present invention method, the test time is 
reduced to 5 min. from the test time of between 30 and 75 
min. required for the conventional methods. Furthermore, 
the thermal resistance constants obtained by the present 
invention method deviates from those obtained by the con 
ventional methods by less than 5%, which confirms the 
accuracy of the present invention method. 
The present invention method for determining the thermal 

resistance constant of a heat Sink, or of a modular heat Sink, 
has therefore been amply described in the above description 
and in the appended drawings of FIGS. 2-4. 
While the present invention has been described in an 

illustrative manner, it should be understood that the termi 
nology used is intended to be in a nature of words of 
description rather than of limitation. 

Furthermore, while the present invention has been 
described in terms of a preferred embodiment, it is to be 
appreciated that those skilled in the art will readily apply 
these teachings to other possible variations of the inventions. 

The embodiment of the invention in which an exclusive 
property or privilege is claimed are defined as follows. 
What is claimed is: 
1. A method for determining the thermal resistance con 

Stant of a thermal module comprising the Steps of: 
providing a heat capacity tank fabricated of a metal; 
mounting a thermal module on top of Said heat capacity 

tank, 
heating Said heat capacity tank and Said thermal module 

to a temperature of at least 40 C.; 
Stopping Said heating Step and cooling for at least 30 Sec.; 
monitoring temperature and cooling time of Said heat 

capacity tank for a preset length of time and calculating 
dT/dt; 

calculating the amount of heat dissipated by the module 
from the equation 

Q=WC(dT/dt) 
wherein W and C are the weight and the heat capacity 

of the heat capacity tank, respectively; and 
calculating the thermal resistance constant of the module 

from the equation 

wherein T and T are the temperature of the heat 
capacity tank and the ambient temperature, respec 
tively. 
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6 
2. A method for determining the thermal resistance con 

Stant of a thermal module according to claim 1, further 
comprising the Step of stopping Said heating Step and turning 
on a forced-air cooling device for a time period of at least 1 
min. prior to Said monitoring Step. 

3. A method for determining the thermal resistance con 
Stant of a thermal module according to claim 1, wherein Said 
heat capacity tank is formed of a metal having a thermal 
conductivity of at least that of Zn. 

4. A method for determining the thermal resistance con 
Stant of a thermal module according to claim 1, wherein Said 
heat capacity tank is formed of a metal Selected from the 
group consisting of Cu, Al, Au and Zn. 

5. A method for determining the thermal resistance con 
Stant of a thermal module according to claim 1, further 
comprising the Step of providing Said heat capacity tank 
with: 

heating plates for heating Said heat capacity tank, 
at least one thermocouple for measuring temperature of 

Said heat capacity tank; and 
a thermal insulating blanket Surrounding Said heat capac 

ity tank. 
6. A method for determining the thermal resistance con 

Stant of a thermal module according to claim 1, further 
comprising the Step of providing Said thermal module as a 
fin-shaped heat Sink. 

7. A method for determining the thermal resistance con 
Stant of a thermal module according to claim 1, further 
comprising the Step of providing Said thermal module as a 
pin-shaped heat Sink. 

8. A method for determining the thermal resistance con 
Stant of a thermal module according to claim 1, wherein the 
thermal module is mounted on top of Said heat capacity tank 
with a thermal conductive layer therein-between. 

9. A method for determining the thermal resistance con 
Stant of a heat Sink comprising the Steps of: 

providing a heat capacity tank fabricated of a metal; 
mounting a heat Sink on top of Said heat capacity tank; 
heating Said heat capacity tank and Said heat Sink to a 

temperature of at least 40 C.; 
Stopping Said heating Step and cooling for at least 30 Sec.; 
monitoring temperature and cooling time of Said heat 

capacity tank for a preset length of time and calculating 
dT/dt; 

calculating the amount of heat dissipated by the heat Sink 
from the equation 

wherein W and C are the weight and the heat capacity 
of the tank, respectively; and 

calculating the thermal resistance constant of the heat Sink 
from the equation 

wherein T and T are the temperature of the heat 
capacity tank and the ambient temperature, respec 
tively. 

10. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, further com 
prising the Step of Stopping Said heating Step and turning on 
a forced-air cooling device for a time period of at least 1 
min. prior to Said monitoring Step. 

11. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, wherein Said 
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heat capacity tank is formed of a metal having a thermal 
conductivity of at least that of Zn. 

12. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, wherein Said 
heat capacity tank is formed of a metal Selected from the 
group consisting of Cu, Al, Au and Zn. 

13. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, wherein Said 
heat capacity tank is formed of a metal having a heat 
capacity not higher than that of Zn. 

14. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, wherein Said 
preset length of time for Said monitoring Step is at least 3 
min. 

15. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, wherein Said 
preset length of time for Said monitoring Step is between 
about 3 min and about 10 min. 

16. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, further com 
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prising the Step of heating Said heat capacity tank and Said 
heat sink to a temperature of at least 70° C. 

17. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, further com 
prising the Step of heating Said heat capacity tank and Said 
heat sink to a temperature of at least 90° C. 

18. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, further com 
prising the Step of mounting a heater in Said heat capacity 
tank. 

19. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, further com 
prising the Step of mounting an electric heater in Said heat 
capacity tank. 

20. A method for determining the thermal resistance 
constant of a heat Sink according to claim 9, further com 
prising the Step of flowing an electrical current to Said heater 
in Said heat capacity tank. 

k k k k k 


